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BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a method for the 
expression of biotin using edible yeast as a host, and more 
particularly, to a method for highly expressing biotin using 
10 edible yeast transformed by a genetically engineered plasmid. 

Description of the Related Arts 

Biotin (2' -keto-3 , 4 - imidazolido-2 - tetrahydrothiophene- 
n-valeric acid) was isolated from egg yolk by Kogl and 

15 Tonuis in 1936 and named as vitamin H. It is one of the 
essential vitamins for nutrition of animals, plants, and 
microorganisms, and very important as medicine or as a food 
additive. In general, biotin serves as a CO2 carrier for 
covalent binding in cells, and plays the role of coenzyme 

2 0 for carboxylase, decarboxylase, and transcarboxylase . 

Biotin biosynthesis of Escherichia coli has been 
studied well, and the related genes are clarified. The 
structures and regulations of the bio operon in E, coli also 
have been thoroughly identified (Shiuan, D., et al., Gene 

25 145:1-7, (1994)). This operator is located at the 17 min on 
the E. coli genomic map, which includes 5 key-enzyme genes 
for the biotin biosynthesis (referring to FIG. 1) . The 
transcription of the 5 genes of the bioABFCD operon is 
controlled by a regulatory region located between bioA and 

30 bioB. This regulatory region consists of a 40-bp long 
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operator sequence, partially overlapping the promoter. In 
addition, bioA gene and bioBFCD genes are transcribed bi- 
directionally from the regulatory region. 

Another birA gene whose product is the repressor of the 
5 operator is located at the 89 min on the £. coli genomic map 
The repression of transcription of the operator requires the 
actions of the repressor and co-repressor (i.e. biotinyl-5'- 
adenylate) together with the operator. Further, the 
biotinyl-5 ' -adenylate is produced by the activation of 
10 biotin by the gene product of the birA (one function of 

which is bio repressor, and another is biotin holo enzyme 
synthetase) . 

With respect to yeast, it is known that there are 3 
biosynthesis genes in wine-making yeast, Saccharoinyces 
15 cerevisa^e: BI02 (encoding for biotin synthase) , BI03 

(encoding for 7 , 8-diaminopelargonic acid aminotransferase), 
and BI04 (encoding for dethiobiotin synthase) , which 
correspond to bioB, bioA, and bioD genes in E. coli, 
respectively. That is, the last three steps of biotin 

2 0 biosynthesis in S. cerevisae are the same as those in E, 

call; however, the first two steps may be different so that 
S. cerevisae cannot produce biotin from simple carbon 
sources. In addition, it was found recently that S, 
cerevisae possesses a BIOB gene, which the gene product 
25 thereof is associated with the uptake of biotin and thus 

named as biotin permease (Phalip, V., et al., Gene 232:43-51 
(1999)). With respect to edible yeast, Candida utilis, the 
biosynthesis of biotin remains unclear, and no related gene 
or enzyme has been identified. It is only understood that S 

3 0 cerevisae should be cultured in the presence of biotin while 
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C. utilis is not present, indicating that C. utilis is able 
to synthesize biotin from simple carbon sources. 

Most organisms require biotin to survive, and only a 
few organisms can synthesize biotin themselves. The 
5 conditions due to lack of biotin in human and animals are 
not common; however, under some hereditary diseases or 
dystrophy, the lack of biotin usually results in severe 
consequence. For example, babies that lack holocarboxylase 
synthase usually have symptoms such as vomiting or asthma 

10 from the first day they are born; babies that lack 

biotindase may have disorders with skin, eye, and urinary 
system when 2-3 years old. In the past 10 years, it has 
been found that biotin is associated with the problems of 
farm animals that are bred on a large-scale. It is notable 

15 in poultry, for example, having fatty liver and kidney 

syndrome (FLKS) , and acute death syndrome (ADS) in chicken. 
In 1977, it is also found that the cyllopodia (crooked-foot 
disease) in indoor-bred pigs is associated with the lack of 
biotin. Therefore, the demand of biotin increases 15% per 

20 year, in which 60-80% of biotin is used as feed additives. 

In conventional methods, the production of biotin is 
carried out by chemical-synthetic processes, in which a 
crystalline biotin with high purity can be obtained for the 
use of medication. However, the separation and purification 

25 of the product requires very complicated steps. Moreover, 

in the prior art, methods for producing compounds by genetic 
engineering mostly employ the conventional replicative 
plasmid. It usually requires antibiotics to stabilize the 
copy number of the replicative plasmid, and thus, it is not 

3 0 appropriate for long-term fermentation and for food and feed. 
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Therefore, there is still a need for development of yeast 
with high biotin-productivity for the use of feed additives, 
food additives, or cosmetics. Because the edible yeast 
itself is traditional food and feed, the yeast with high 
5 biotin-productivity prepared by the present invention can be 
formulated directly to merchandise after the processes of 
fermentation, separation, and drying without complicated 
purification. Further, the present invention uses 
integrated plasmid in lieu of replicative plasmid for the 
10 transformation of such genes into yeast genome, so that a 
stable yeast strain for high production of biotin is 
obtained. 



SUMMARY OF THE INVENTION 

15 In one aspect, the present invention features an 

integrated plasmid, which comprises a biotin synthase gene; 
an assistant DNA sequence for the integration of the plasmid 
into a host genome; a promoter sequence; and a selection 
marker. The construct of the plasmid .can insert the biotin 

20 biosynthesis genes into a yeast genome to prepare yeast for 
high biotin-productivity. 

In another aspect, the present invention features a 
method for preparing a yeast with high biotin-productivity, 
which comprises constructing an integrated plasmid 

2 5 comprising a biotin synthase gene, an assistant DNA sequence 

for the integration of said plasmid into a host genome, a 
promoter sequence, and a selection marker; linearizing said 
integrated plasmid; transforming said linearized integrated 
plasmid into a yeast; and recombining the biotin synthase 

3 0 gene with the yeast genome. 



4 



Client's Ref: NSC-881 1 190/12-27-00 
File: 0231-5024-US/Final/ 

In still another aspect, the present invention features 
a method for producing biotin, which comprises providing the 
yeast with high biotin-productivity set forth above; and 
culturing said yeast in a nutrient medium, and recovering 
5 biotin from the culture broth. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more fully understood and 
further advantages will become apparent when reference is 
10 made to the following description of the invention and the 
accompanying drawings in which: 

FIG. 1 is a diagram showing the structure and 
regulation of the biotin operon in E, coll. 

FIG. 2 is a flow chart showing the construct of the 
15 pMS3, wherein the plasmid comprises S. cerevisae alcohol 
dehydrogenase promoter (pADHl) for the expression of BI02 
gene; mutated L41 gene used as cycloheximide-resistant 
marker; and C. utilis 18s rDNA used for integration. 

FIG. 3 is a flow chart showing the construct of the 
20 pMC6 , wherein the plasmid comprises C. utilis L41 gene 
promoter (pL41) ; and S. cerevisae biotin synthase gene 
(BI02) . 

FIG. 4 is a flow chart showing the construct of the 
pMC9, wherein the plasmid comprises pL41 for the expression 
25 of BI02 gene; mutated L41 gene used as cycloheximide- 
resistant marker; and C. utilis 18s rDNA. 

FIG. 5 is a flow chart showing the construct of the 
pMCCll, wherein the plasmid comprises C. utilis L41 gene 
promoter (pL41) ; and C. utilis biotin synthase BI02 gene. 
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FIG. 6 is a flow chart showing the construct of the 
PMCC21, wherein the plasmid comprises pL41 for the 
expression of C. utilis BI02 gene (encoding for 2 04 amino 
acids) ; mutated L41 gene used as cycloheximide-resistant 
5 marker; and C. utilis 18s rDNA. 

FIG. 7 is a flow chart showing the construct of the 
pMCC-E13, wherein the plasmid comprises E. coli pTac 
promoter; and C. utilis biotin synthase BI02 gene. 

FIG. 8 is a flow chart showing the construct of the 
10 pMCC31S, wherein the plasmid comprises C. utilis pL41 for 
the expression of C. utilis BI02 gene (encoding for 233 
amino acids) ; mutated L41 gene used as cycloheximide- 
resistant marker; and C. utilis 18s rDNA. 

FIG. 9 is a flow chart showing the construct of the 
15 pMCC32H, wherein the plasmid comprises C. utilis pL41; C. 
utilis ■BI02 gene; mutated L4.1 gene used as cycloheximide- 
resistant marker; and C. utilis HIS3 gene fragment (0.5 kb) . 

FIG. 10 is a flow chart showing the construct of the 
pMCC33U, wherein the plasmid comprises C. utilis pL41; C. 
20 utilis BI02 gene; mutated L41 gene used as cycloheximide- 
resistant marker; and C. utilis URA3 gene fragment (0.59 and 
0 . 50 kb) . 

FIG. 11 is a flow chart showing the construct of the 
pMCC35U, wherein the plasmid comprises C, utilis pL41; C. 
25 utilis BI02 gene; mutated L41 gene used as a cycloheximide- 
resistant marker; and C. utilis URA3 gene fragment (0.59 and 
0 . 50 kb) . 

FIG. 12 is a flow chart showing the construct of the 
pMCC36H, wherein the plasmid comprises C. utilis pL41; C. 
30 utilis BI02 gene; mutated L41 gene used as cycloheximide- 
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resistant marker; and C. utilis HIS3 gene fragment (0.54 and 
0 .44 kb) . 

FIG. 13 is a flow chart showing the construct of the 
pMCC38S, wherein the plasmid comprises C. utilis pL41; C. 
5 utilis BI02 gene; mutated L41 gene used as cycloheximide- 

resistant marker; and C. utilis 18s rDNA (0.54 and 1.75 kb) . 

DETAILED DESCRIPTION OF THE INVENTION 

The integrated plasmids prepared according to the 

10 present invention (see, for example, pMCC21, pMCC31S, 

pMCC32H, pMCC33U, pMCC35U, pMCC36H, or pMCC38S in FIGS. 6 
and 8-13) comprise at least a biotin synthase gene, an 
assistant DNA sequence for the integration of said plasmid 
into a host genome, a promoter sequence, and a selection 

15 marker. In these plasmids, the BI02 synthase gene selected 
from S. cerevisae or C. utilis can express biotin synthase, 
in which the nucleotide sequence is set forth in SEQ ID N0:1. 
The function of biotin synthase is to catalyze the last step 
of the biotin biosynthesis. This BI02 gene is cloned and 

20 sequenced in the present invention, and the method thereof 
is described in Example 2 as follows. 

The integrated plasmid of the present invention 
comprises an assistant DNA sequence that assists in the 
integration of the plasmid into a host genome for 

25 recombination. The sequence can be, for example, an 18s 
ribosomal DNA (rDNA) sequence, which is selected from the 
1,7 kb Nsil-BamHI fragment of C. utilis 18s rDNA. In other 
embodiments, the 18s rDNA sequence is replaced by URA3 or 
HIS3 DNA fragments (cloned from C. utilis genome) , which is 
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effective in the integration of the inventive plasmid into a 
host genomic DNA. 

In the integrated plasmid of the present invention, the 
promoter sequence is selected from 5. cerevis^e alcohol 
5 dehydrogenase promoter (pADHl) or C, utilis L41 gene 

promoter (pL41) , wherein the pL41 promoter is one of a few 
number of promoters known in C. utilis. 

The selection marker used in the integrated plasmid of 
the present invention includes, but is not limited to, the 

10 mutated L41 gene, which can express the protein having the 
property of cycloheximide (CHY) -resistance . Therefore, the 
recombinant colonies can be screened and selected by the 
presence of cycloheximide when the yeast is cultured (Kondo, 
K. , et al., J". Bacterid. 177:7171-7177 (1995)). 

15 Those skilled in the art of genetic engineering will be 

aware that the assistant DNA sequence, promoter sequence, 
and selection marker described above can be substituted with 
other analogous sequences without affecting the expression 
of the desired biotin synthase. Thus, the examples set 

20 forth above are only illustrative, but do not limit the 
scope of the invention. 

Another aspect of the present invention provides a 
method for preparing a yeast with high biotin-productivity , 
which comprises constructing an integrated plasmid set forth 

25 above; linearizing the integrated plasmid, for example, by a 
restriction enzyme; transforming the linearized integrated 
plasmid into a yeast, for example, by elect roporat ion; and 
recombining the biotin synthase gene with the yeast genome. 
The methods of linearization and transformation are well 
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known to those skilled in the art of genetic engineering and 

molecular biology. 

In addition, the present invention comprises a method 

of culturing the transformed yeast set forth above in a 
5 nutrient medium for a sufficient time, so that biotin can be 

largely produced. The method further comprises separating, 

and drying the obtained biotin from the culture broth. 

Because biotin is a traditional food and feed, the biotin 

produced by the present invention can be further purified or 
10 not, and directly used ais, for example, feed additives, food 

additives, or cosmetics. 

The integrated plasmids prepared by the present 

invention were deposited with the Culture Collection and 

Research Center, Food Industry Research and Development 
15 Institute (Hsinchu, Taiwan) , on 20 June, 2000, and assigned 

Accession Number: CCRC 940296 (pMCC21) , CCRC 940297 
(pMCC31S) , CCRC 940298 (pMCC32H) , CCRC 940299 (pMCC33U) , 

CCRC 940300 (pMCC35U) , CCRC 940301 (pMCC36H) , and CCRC 

940302 (pMCC38S) , respectively. 
2 0 Without intending to limit it in any manner, the 

present invention will be further illustrated by the 

following examples . 



EXAMPLE 

25 Example 1. Cloning of S. cerevisae BI02 Gene 

The primers containing Sail site for cloning were 
designed according to the BI02 gene sequence of the S. 
cerevisae Y266 strain as follows: 

Forward : 5 ' -GAAAGTCGACTCAAGATCTGTCGTACTTAA- 3 ' ; and 
3 0 Reverse : 5 ' CCGCAGTTAAATCG ' ACAACTG ' - 3 ' . 
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The DNA fragments of the BI02 gene were amplified by 
polymerase chain reaction (PGR) . 

Example 2 . Cloning and Sequencing of C. utilis BI02 Gene 
5 Two conservative amino acid sequence regions were 

obtained when compared to the biotin synthase gene of five 
microorganisms belonging to S. cerevisae, E. coli, and 
Erwinia herbicola , The degenerate primers were designed 
according to these conservative regions as follows: 

1 0 Forward : 5 ' - TGTNCNGARGAYTGYAANTATTG - 3 ' ; 

Reverse : 5 ' -GTRTCNANRTTRTG' GTTGTA- 3 ' , 
wherein Y=T-i-C, and R=A+G' . About 0.3 kb of DNA fragment was 
obtained from C. utilis genome by PGR. This DNA fragment 
was used as a probe for screening the complementary 

15 sequences from C. utilis genomic library prepared by the 
inventor (using lambda EMBL3 as a vector) . 

The cloned C. utilis biotin synthase gene (GenBank 
Accession Number AF212161) was sequenced and the nucleotide 
sequence thereof was as follows (SEQ ID NO: 1) : 

20 

atg tcgtttatattgactgctattagtcgtccgattgctctttccacttctagagtagct 
tctagggctactctggcaacaggtgctactgctgctgcggagatcttggaagatgtgttc 
acggaacaaatggaagaagtggcttcacaggagaagaagccaaacccattggaatatgca 
ttgtcagtgaagacaccagtcaacacctggaccaaagaagaaattaaagctatatatgac 

2 5 acaccactcatggacttgatgcactatgctcaggtgcaacacagaaggttccaacaacct 

tcagaggttcaattgtgcactcttatgaatatcaaaactggtggttgtaccgaggactgt 
aagtactgtgcccaatcacagcgttacaacactggtgtcaaggctgaaagaatcatccaa 
gttgatgaggtgattgaagctgcaaaggaggcaaaggccaatggatctacaaggttctgt 
^tgggtgctgcttggagagagatgaaaggtagaaagtcaaacttgaagaaaatcaaagag 

3 0 atgatcactgctgtccatgaccttggaatggagagttgtgtcaccctgggaatggttgat 
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aaagaccaagccactgaattgaaaagtgctgggttgacggcgtacaaccataacattgat 
acttacaaggaacactatccaaaggtgatctccacaagaagctttgatgatagattgaaa 
acattcaaaaacgttcaaggatctggattaaaggcatgcacaggtggtattcttggtctt 
ggtgagacccaagaggaccgtgtatctttcctctacaccttggccacaatggatcagcat 
5 ccagagtctcttccaatcaacagactggtcccaatcaagggcacgccaatgtatgaagaa 
gttaagaacaagcaagttgaagttgatgagattgtcagaaccattgctactgcaagattg 
gtcatgccaacgtctattatcagattggctgcaggaagatatacaatgaaagaggcagaa 
caggtgatgtgcttcatggctggttgtaatgccatcttcacaggtaagaaaatgctcaca 
acaatgtgtaacggctgggatgaggataaagccatgttggctaaatggggtctgaaacca 
10 atggagagtttcaaatacaaaccaagggaggttgcattcggtgcttga 

Example 3. Insertion of C, utilis BI02 gene into E. coli 
expression vector pQE3 0 

The plasmid pMCCll and vector pQEBO were digested with 

15 Ncol and BamHI , respectively. After digestion, both pMCCll 
and vector were end- repaired into blunt ends by Klenow DNA 
polymerase, followed by Sail digestion. The Ncol/Klenow- 
Sall fragment of pMCCll (i.e. BI02 gene) was integrated into 
the BamHI/Klenow-Sall site in pQE3 0 to obtain plasmid pMCC- 

20 E13 (FIG. 7) . The C. utilis BI02 gene was then expressed in 
the manner of in-frame fusion by E. coli pTac promoter. 

Example 4. Activity of C. utilis Biotin Synthase in E. coli 
In the E. coli expression system, C. utilis BI02 gene 

2 5 was induced by IPTG to express biotin synthase, which was 
then identified by the electrophoresis with SDS-PAGE. The 
activity of the biotin synthase encoded by the BI02 gene was 
measured by lytic complementation as described in Zhang, S., 
et al.. Arch. Biochew, Biophys. 309:29-35 (1994); Hwang, 

30 S.Y., et al., J. Biochem. Biophys , Methods 39:111-114 (1999). 
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The plasmid pMCC-E13 was transformed into E. coli DH5a and 
E. coli R901 (Abio; with bio operon deleted) strains, 
respectively. After induction by IPTG, the protein 
expressed by E. coli DH5a (pMCC-E13) was identified by SDS- 
5 PAGE, which was consistent with the putative molecular 
weight. The complementary experiment was performed by 
culturing E. coli R901 (pMCC-E13) in the minimal plate 
supplemented with dithiobiotin (DTB; 50 |j,g/ml) . The result 
showed that E. coli R901 (pMCC-E13) grew on the plate 
10 whereas the E, coli R901 (control) did not. It suggested 

that C. utilis BI02 gene obtained from Example 2 was correct 
due to the enzyme activity (regardless of protein with 
incomplete 2 04 amino acids or complete 233 amino acids) . 

15 Example 5. Insertion of S. cerevisae BI02 Gene into 
Integrated Plasmid 

The PGR products of S. cerevisae BI02 gene obtained 
above and vector pALpsl were digested with Ndel-Sall. The 
digested BI02 gene was ligated to the treated vector pALpsI 
at 16°C for 16 hours to obtain pMS3 (FIG. 2) . The plasmid 
pMS3 herein was comprised of S. cerevisae alcohol 
dehydrogenase promoter (pADHl) for the expression of BI02 
gene; mutated L41 gene used as cycloheximide- resistant 
marker; and C. utilis 18s rDNA used for integration. 

Another PGR product of C, utilis L41 promoter (pL41) 
was digested with Ndel and Ncol , and ligated to pQE3 0 which 
was also digested with the same enzymes at 16°C for 16 hours 
to obtain pMC5 . After digestion with Ncol, plasmid PMC5 was 
end- repaired into blunt end by Klenow DNA polymerase, and 
the BI02 gene was integrated into the Ncol -Sail site of pMC5 



25 
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to obtain pMC6 (FIG. 3) . The plasmid pMC6 herein was 
comprised of C. utilis L41 gene promoter (pL41) for the 
expression of S, cerevisae biotin synthase gene. 

The Ncol-Sall fragment of pMC6 (i.e. pL41-BI02) was 
5 ligated to vector pALpsl under the same conditions to obtain 
pMC7 . After removal of EcoRV-Ndel fragment of pMC7 (i.e. S. 
cerevisae pADHl promoter sequence) , the plasmid pMC9 was 
obtained (FIG. 4) . The plasmid pMS3 and pMC9 used S. 
cerevisae pADHl and C. utilis pL41 promoters, respectively, 
10 to regulate S. cerevisae BI02 gene. In addition, both 

plasmids were integrated plasmids capable of integration 
into C. utilis. 

Example 6. Insertion of C. utilis BI02 Gene into Integrated 
15 Plasmid 

By the primers designed for suitable cleavage sites, 
the PGR was carried out using the C. utilis BI02 gene 
obtained from Example 2 as a template. The product was 
digested with Ndel and Sail, and ligated into pMC5 to obtain 

20 pMCCll (FIG. 5) . Afterwards, as shown in FIG. 6, the Ndel- 
Sall fragment of pMCCll in which the Ndel nickel was end- 
repaired into a blunt end by Klenow DNA polymerase (i.e. 
pL41-BI02 fragment) and was ligated into pMC9 to obtain 
pMCClB. To fill the lost L41 fragment, the BamHI-EcoRI 

25 fragment of pMC9 (i.e. L41 gene fragment) was end-repaired 
into a blunt end by Klenow DNA polymerase and then 
integrated into the Sail site in pMCC15 to obtain pMCC21. 
The plasmid pMCC21 herein was comprised of C. utilis pL41 
for the expression of the C. utilis BI02 gene; mutated L41 
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gene used as cycloheximide-resistant marker; and C. utilis 
18s rDNA. 

Example 7 . Other Integrated Plasmid Constructs 
5 The preparations of the other integrated plasmids such 

as pMCCSlS, pMCC32H, pMCC33U, pMCCBSU, pMCC3 6H, and pMCC3 8S 
were schematically shown in FIGs . 9-13. 

Example 8. Transformation of C. utilis and Flask 

10 Fermentation Test 

The plasmid pMC9 was linearized by Ncol and transformed 
into C. utilis using electroporat ion . The obtained 
transf ormants were named as m9-101, m9-102, etc., wherein 
the S. cerevisae BI02 gene was regulated by pL41 promoter. 

15 Another plasmid pMCC21 was linearized by Sad and 

transformed into C. utilis using electroporation . The 
obtained transf ormants were named as m21-101, m21-102, etc., 
wherein the C. utilis BI02 gene was regulated by the pL41 
promoter . 

2 0 Those transf ormants obtained above were cultured in YPD 

medium (or YPD with 40 |ag/ml cycloheximide) for 72 hours. 
Cells were lysed by French Press (12,000 psi) , and then the 
biotin was quantified using competitive ELISA. 

The results are shown in Table 1. Beside 23 ng/ml 

25 biotin originally present in YPD medium, only 8.2 ng/ml 

biotin is produced by the wild type (WT) yeast. However, 
the biotin productivity is markedly increased in each 
transf ormant . The differences among the transf ormants may 
be related to the copy number of the integrated plasmid. On 

30 average, the biotin content in m9 transf ormants is 860 ng/ml 
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and that in m21 transf ormants is 72 0 ng/ml , which is 103 and 
87 times of that of wild type yeast, respectively. 

Table 1 



Analysis of Biotin Content in C. utilis Transf ormants 





Culture Broth 


Cell Extract 


ODkfiO Tin 


YPD 
(ng/ml) 


ODfign ™ 
^■"DOU nil 


YPD(CHY) 
(ng/ml) 


YPD 
(ng/ml) 


YPD(CHY) 
(ng/ml) 


incubator 


YPD 




23 












WT 


8 . 72 


26 






5 . 3 






m9-101 


9 . 05 


860 


8 . 04 


660 


66 


63 


Flask (50ml) 


m9-102 


8 , 75 


760 


2 .28 


714 


86 


7 . 3 


Flask (50ml) 


m9-103 


5 . 12 


920 










Tube (3ml) 


m9-104 


8.40 


1010 










Tube (3ml) 


m9-105 


8 . 90 


900 










Tube (3ml) 


m9-106 


6. 00 


750 










Tube (3ml) 


m9-107 


.5.96 


460 










Tube (3ml) 


m21-101 


8 . 44 


600 


2 . 56 


620 


98 


6 


Flask(50ml) 


m21-102 


6 .28 


802 


4 . 72 


964 


111 


13 


Flask(50ml) 


m21-103 


3.60 


420 










Tube (3ml) 


m21-104 


8 . 54 


720 










Tube (3ml) 


m21-105 


838 


430 










Tube (3ml) 


m21-106 


4 . 86 


560 










Tube (3ml) 



5 Note: m9 strains represent C, utilis (pMC9, comprising pL41 
and S, cerevisae BI02 gene) ; m21 strains represent C. utilis 
(pMC21, comprising pL41 and C. utilis BI02 gene) . 



From the results shown above, the integrated plasmids 
10 of the present invention comprising isolated biotin synthase 
gene and 18s rDNA or URA3 or HIS3 sequence largely express 
biotin under a suitable regulation. In addition, the 
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resulting yeast with high biotin-productivity can be 
directly used as feed additives, food additives, or 
cosmetics without further purification. 

While the invention has been particularly shown and 
5 described with the reference to the preferred embodiment 
thereof, it will be understood by those skilled in the art 
that various changes in form and details may be made without 
departing from the spirit and scope of the invention. 



16 



